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[Claim(s)] 

[Claim l]A plenum means which it has a plenum crowning and the plenum pars 
basilaris ossis occipitalis with which it is equipped enabling free regulation, and 
contains in an inside cylindrical shape housing which has demarcated a cylindrical 
shape channel, A melt feed pipe which has extended to an outlet end part which 
penetrates said plenum crowning and said plenum pars basilaris ossis occipitalis to an 
axial direction, and has an outlet orifice, Have said melt feed pipe and an annular wall 
means by which it has extended on the same axle, from said plenum crowning to said 
outlet orifice, and said outlet orifice, Have an inside diameter and an outer diameter 
and said plenum crowning, Have the axial direction boa demarcated by a rim support 
means which supports said melt feed pipe, and said wall means, Are narrow by said 
outlet orifice, and have the trapezoidal shape outside surface which is dividing said 
cylindrical shape channel into the 1st annular channel, and said outlet end part, Have 
the outside surface which forms the 1st trapezoidal part of said wall means, and said 
plenum pars basilaris ossis occipitalis, Are said wall means and the same axle, and have 
the spray gas orifice estranged from this wall means, have demarcated this spray gas 
orifice between said wall means, and the 2nd annular channel said cylindrical shape 
housing, A nozzle which has the gas supply line which has penetrated this cylindrical 
shape housing, and has a ratio to said outer diameter of said inside diameter 
beforehand selected so that said outlet orifice might decrease a flow of a fluid which 
flows into said melt feed pipe in the case of spraying and which sprays molten metal. 
[Claim 2]The nozzle according to claim 1 beforehand selected so that a ratio to a liquid 
stream bunch which flows into said pipe at the time of a single phase flow of a liquid 
stream bunch which flows through a ratio to said outer diameter of said inside diameter 
of said outlet orifice into said pipe at the time of a two-phase flow may become less than 
one. 

[Claim 3]The nozzle according to claim 1 for which said wall means has the 2nd 
trapezoidal part that has extended from said 1st trapezoidal part to said plenum 
crowning, and this 2nd trapezoidal part has a vertical angle (about 40 degrees - 60 
degrees). 

[Claim 4]The nozzle according to claim 3 for which said 1st trapezoidal part has a 
vertical angle (about 20 degrees - 46 degrees). 

[Claim 5]The nozzle according to claim 4 for which said 1st trapezoidal part has a 
vertical angle (about 24 degrees - 31 degrees), and said 2nd trapezoidal part has a 



vertical angle (about 42 degrees - 46 degrees). 

[Claim 6]The nozzle according to claim 1 whose inside diameters of said orifice are said 
at least about 65% of outer diameters. 

[Claim 7]The nozzle according to claim 6 which an inside diameter of said orifice has in 
the range of about 3 mm - 26 mm. 

[Claim 8]The nozzle according to claim 1 which said 2nd trapezoidal part has projected 
about 6 mm or less exceeding said plenum pars basilaris ossis occipitalis. 
[Claim 9]The nozzle according to claim 8 which said 1st trapezoidal part has projected 
about 1 mm - 7 mm exceeding said 2nd trapezoidal part. 

[Claim 10]A plenum means which it has a plenum crowning and the plenum pars 
basilaris ossis occipitalis with which it is equipped enabling free regulation, and 
contains in an inside cylindrical shape housing which has demarcated a cylindrical 
shape channel, A melt feed pipe which has extended to an outlet end part which 
penetrates said plenum crowning and said plenum pars basilaris ossis occipitalis to an 
axial direction, and has an outlet orifice, From said plenum crowning to said outlet 
orifice, form said melt feed pipe and an annular wall means by which it has extended on 
the same axle, and in this case said outlet orifice, Have an inside diameter and an outer 
diameter and said plenum crowning, Have the axial direction boa demarcated by a rim 
support means which supports said melt feed pipe, and said wall means, Are narrow by 
said outlet orifice, and have the trapezoidal shape outside surface which is dividing said 
cylindrical shape channel into the 1st annular channel, and said outlet end part, Have 
the outside surface which forms the 1st trapezoidal part of said wall means, and said 
plenum pars basilaris ossis occipitalis, Are said wall means and the same axle, and have 
the spray gas orifice estranged from this wall means, have demarcated this spray gas 
orifice between said wall means, and the 2nd annular channel said cylindrical shape 
housing, Have the gas supply line which has penetrated this cylindrical shape housing, 
and said outlet orifice, So that it may have a ratio to said outer diameter of said inside 
diameter which decreases a liquid flow rate which flows into said pipe to arbitrary 
pressures of spray gas of**** and a ratio to a single phase flow of a two-phase flow may 
be made into less than one, How to spray molten metal with said larger pressure which 
the 1st selected beforehand than the 3rd pressure of spray gas which brings about an a 
maximum of 2 phase flow in this case by supplying a fluid of a pressure which spray gas 
of a pressure which the 1st selected beforehand was supplied to said gas supply line, 
and the 2nd selected beforehand to said melt feed pipe. 

[Claim ll]A way according to claim 10 said pressures which the 1st selected beforehand 
are about 1.5 MPa(s) - 7MPa. 



[Claim 12]A method according to claim 10 chosen so that a ratio to said outer diameter 
of said inside diameter in said outlet orifice and said pressure which the 1st selected 
beforehand may make the maximum spraying mass flow bunch ratio less than about 0.4. 
[Claim 13]A method according to claim 12 chosen so that said pressure which the 1st 
selected beforehand may make a spraying mass flow bunch ratio smaller than a 
maximum-mass-flow bunch ratio of a nozzle. 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application]This invention relates to a nozzle which manufactures metal 
powder with a fine particle size (size of particles) especially, and an operation method 
for the same about the method and device which spray molten metal and form metal 
powder. 
[0002] 

[Description of the Prior Art]The industrial demand to detailed metal powder, for 
example, the powder whose particle diameter is smaller than 37 microns, is growing. 
Therefore, the yield of such detailed powder can be increased and it is necessary to 
develop the metal spraying nozzle and method of narrowing the particle size 
distribution. The operation method of the feed-control nozzle for forming such metal 
powder in the United States patent number No. 4619845 and 4778516 and the nozzle is 
indicated. This feed-control nozzle is known also as a closing coupled (inclusion) nozzle. 
It is marketed. 

The nozzle comprises a melt feed pipe which has the outlet orifice arranged in the 
annular arrangement of a gas jet. A gas jet flows at a supersonic speed, collides with the 
flow of the molten metal which comes out from an orifice, sprays the flow 
(microatomization), and forms metal powder. 

[0003]The closing coupled nozzle indicated by the United States patent number No. 
4619845 and 4778516 can raise the inlet pressure of a gas jet until the pressure in the 
outlet orifice of a melt feed pipe descends in the operation. It can be increased by the 
gas jet pressure until a vacuum and what is called a suction vacuum arise in the exit 
end of a melt feed pipe. In other words, a nozzle is an operation of the suction vacuum 
formed of the gas jet for spraying, and operates by the pressure to which the flow of the 
molten metal which flows into a melt feed pipe is made to increase. A suction vacuum 
may be formed by making gas pressure for spraying into the range of about 8 MPa(s) - 
19MPa. 

[0004]The closing coupled nozzle indicated by the United States patent number No. 



4619597 and 4801412 has the surface [ **** / from the gas plenum which sends out a 
gas jet annularly to the tip of a melt feed pipe ]. 
The tip of a melt feed pipe has concave shape. 

For this reason, the gas for spraying is curved in the predetermined direction at the tip. 
The same nozzle indicated by the United States patent number No. 4631013 has 
various shape where the outlet orifice of a melt feed pipe improves spraying 
(microatomization) of molten metal. 
[0005] 

[Objects of the InventionlThe purpose of this invention is to provide the nozzle which 
sprays molten metal that metal powder should be formed with a high particle yield. 
Other purposes of this invention are nozzles which spray molten metal, and there is a 
diameter ratio of inside diameter foreign in the outlet orifice of a melt feed pipe in 
providing the nozzle selected beforehand. 
[0006] 

[Summary of InventionlThe nozzle which sprays molten metal (microatomization) is 
provided with the plenum means containing cylindrical shape housing. 
Cylindrical shape housing has a plenum crowning and the plenum pars basilaris ossis 
occipitalis with which it is equipped enabling free regulation, and has demarcated the 
cylindrical shape channel inside. 

The melt feed pipe penetrated the plenum crowning and the plenum pars basilaris ossis 
occipitalis to the axial direction, and has extended to the outlet end part which has an 
outlet orifice. The outlet orifice has an inside diameter and an outer diameter. The 
plenum crowning has the axial direction boa demarcated by the rim support means 
which supports a melt feed pipe. 

[0007]The annular wall means has extended on a melt feed pipe and the same axle from 
a plenum crowning to an outlet orifice. The wall means has a trapezoidal shape outside 
surface, and the trapezoidal shape outside surface is narrow by the outlet orifice. 
The cylindrical shape channel is divided into the 1st annular channel. 
The outlet end part has the outside surface which forms the 1st trapezoidal part of a 
wall means. Plenum partes basilaris ossis occipitalis are a wall means and the same 
axle, and they have the spray gas orifice estranged from the wall means. 
The spray gas orifice has demarcated the 2nd annular channel between wall means. 
Cylindrical shape housing has the gas supply line which has penetrated cylindrical 
shape housing. The outlet orifice has the diameter ratio of inside diameter foreign 
beforehand selected so that the flow of the fluid which flows into a melt feed pipe may be 
decreased, when spraying. 



[0008]The term "two-phase flow" used on these specifications means that both a fluid 
and the gas for spraying are flowing from the nozzle, only the fluid is flowing from the 
nozzle, namely, the term "single phase flow" means that the gas for spraying is not 
flowing from a nozzle. In other words, at the time of a two-phase flow, a fluid flows from 
an outlet orifice and the gas for spraying is flowing from the spray gas orifice. Although 
the fluid is flowing from the outlet orifice at the time of a single phase flow, the gas for 
spraying is not flowing from a spray gas orifice. 
[0009] 

[Concrete composition] Reference of drawing 1 shows the nozzle 10 which sprays molten 
metal according to this invention in the figure with drawing of longitudinal section. The 
nozzle 10 is provided with the plenum means 12, the melt feed pipe 14, and the annular 
wall means 16. As for the plenum means 12, it is preferred to consider it as suitable 
steel, and The cylindrical shape housing 17, It has the plenum crowning 18 and the 
plenum pars basilaris ossis occipitalis 20 with which it is equipped enabling free 
regulation, and the cylindrical shape housing 17, the plenum crowning 18, and the 
plenum pars basilaris ossis occipitalis 20 form the cylindrical shape channel 22 in an 
inside. The axial direction boa 23 demarcated by the rim support means 24 for 
supporting the melt feed pipe 14 to an axial direction, for example, a shelf, is formed in 
the plenum crowning 18. 

[0010]The melt feed pipe 14 penetrated the plenum crowning 18 and the plenum pars 
basilaris ossis occipitalis 20, and has extended in the axial direction to the outlet orifice 
26. From a molten-metal storage container like a ceramic crucible, it is introduced into 
the upper bed 11 of the melt feed pipe 14, and flows through the inside of the pipe 14 to 
the outlet orifice 26, and a liquid metal comes from the outlet orifice 26 outside, and is 
atomized. The melt feed pipe 14 does not react to molten metal, but is formed from the 
charge of a ceramic material strong against a thermal shock, for example, boron nitride, 
and zirconia. The outlet orifice 26 has an inside diameter and an outer diameter. 
[001l]The ratio of the diameter of inside diameter foreign is beforehand selected so that 
the liquid flow from the pipe 14 may be decreased, while the gas jet for spraying is 
flowing from the 2nd orifice 34. When it carries out like this, the flow of the fluid from a 
melt feed pipe is made to be able to increase the gas pressure for spraying in the 
conventional nozzle, until the vacuum for suction is formed in the exit end of a nozzle, 
but to increase. In the surprising thing, it found out that the flow of the fluid from a 
melt feed pipe when the gas for spraying is flowing could be decreased by selecting 
beforehand the diameter ratio of inside diameter foreign of the outlet orifice of the melt 
feed pipe in the nozzle of this invention. After increasing to the maximum, the flow of 



the fluid from a melt feed pipe decreases, as the pressure of the gas for spraying of a 
nozzle increases. However, the flow of the fluid from the nozzle in the case of a single 
phase flow is always larger than the flow of the fluid from the nozzle in the case of 2 
phase flow. In other words, the nozzle of this invention does not draw in. 
[0012]With the nozzle of this invention which has an outlet orifice which has the 
diameter ratio of inside diameter foreign selected beforehand, that the yield of the 
particles in the case of spraying increases also found out again. For example, nickel base 
superalloy powder with a particle size of about 37 microns or less can be formed with 
the yield up to about 70% with the nozzle of this invention. The diameter ratio of inside 
diameter foreign selected beforehand is dependent on the outer diameter of a melt feed 
pipe. This ratio can decrease as an outer diameter increases. For example, in the melt 
feed pipe which has an outlet orifice with an outer diameter of about 4.7 mm, a ratio 
may be reduced to about 90%, namely, an inside diameter can be about 4.2 mm. In the 
melt feed pipe which has an outlet orifice with an outer diameter of about 9.5 mm, a 
ratio may be reduced to about 65%, namely, an inside diameter can be about 6.2 mm. 
The nozzle of this invention can be used in the range with an inside diameter of about 3 
mm - 26 mm of a melt feed pipe. 

[0013]The annular wall means 16 has extended from the plenum crowning 18 to the 
orifice 26. 

It has the outside surface which forms the trapezoidal part which divides the cylindrical 
shape channel 22 into an annular channel. 

As for the wall means 16, it is preferred to be able to form from suitable steel or 
ceramics and to make it some melt feed pipes 14. The wall means 16 is supported from 
the shelf 24 by the flange 25. Since the outside surface of the trapezoidal shape of the 
wall means 16 is the narrowest by the orifice 26, this trapezoid peak exists caudad 
rather than the orifice 26. A trapezoid vertical angle serves as the range of about 20 
degrees - 60 degrees, and are 42 degrees - 46 degrees preferably. 

[0014]The melt feed pipe 14 has the intermediate flange 36 currently supported on the 
upper surface 27 of the wall 16. 

The vertical position which the pipe 14 in the nozzle 10 and the wall 16 selected 
beforehand is specified. 

The top annular ring 38 has the downward projection 40 inside, and the projection 40 is 
pressing the flange 36 so that the pipe and wall of a nozzle may be held in an exact 
alignment relation. A means to hold a nozzle assembly to the associated equipment 
which sprays molten metal is the conventional thing, and is not constituent features of 
this invention. 



[0015]the plenum pars basilaris ossis occipitalis 20 is common, for example — it inserts 
each other in and the cylindrical shape housing 17 is equipped by the thread part 30, 
enabling free regulation. It is the wall means 16 and the same axle, and the orifice 32 
estranged from the wall means 16 is formed in the plenum pars basilaris ossis 
occipitalis 20. 

The 2nd annular channel 34 is formed between the wall means 16 and the orifice 32. 
It can be made to agree with the wall 16 mostly by making the surface of the annular 
orifice 32 into **** shape. The size of the 2nd channel 34 can be adjusted by turning the 
plenum pars basilaris ossis occipitalis 20 in whether the wall means 16 is approached 
and the direction which separates via the thread part 30. The width of the 2nd channel 
34 can also be said to be "the gas channel gap for spraying", can be made into the range 
of about 0.64 mm - 2.8 mm, and is about 1.5 mm especially preferably about 1.3 mm - 
2.2 mm preferably. 

[0016]In the cylindrical shape housing 17, the gas supply line 28 which supplies the gas 
for spraying to the channel 22 has penetrated. The molten metal which comes out from 
the orifice 26 of the melt feed pipe 14 is blown away by a gas jet. An annular gas jet is 
formed by the gas which flows downward through the 2nd annular channel 34 currently 
formed between the wall means 16 and the gas orifice 32 from the annular plenum room 
22. It progresses downward through the melt feed pipe 14, and a gas jet collides, 
sprinkles the flow of molten metal to misty state, and forms metaled powder in the flow 
of the molten metal which comes from the outlet orifice 26 outside. The nozzle of this 
invention can form a powder particle, for example, a particle of 37 microns or less, with 
high yield. 

[00 17] Other nozzles of this invention are shown in drawing 2 . The nozzle 50 is provided 
with the plenum means 52, the annular wall means 54, and the melt feed pipe 56. 
The plenum means 52, the annular wall means 54, and the melt feed pipe 56 are formed 
from suitable steel which was mentioned above, or the charge of a ceramic material, 
respectively. 

The plenum means 52 is provided with the annular bracket 58 and the plenum pars 
basilaris ossis occipitalis 57. 

The annular bracket 58 and the plenum pars basilaris ossis occipitalis 57 have 
demarcated the internal chamber 53. 

The bracket 58 forms the cylindrical shape housing 59 and the plenum crowning 60. The 
melt feed pipe 56 passed along the plenum crowning 60 and the plenum pars basilaris 
ossis occipitalis 57, and has extended in the axial direction to the outlet orifice 65. The 
cone part 61 of the wall means 54 has extended from the plenum crowning 60 to the 



outlet orifice 65, and it forms the same axle trapezoidal part in the plenum means 52. 
The trapezoidal part is dividing the inner channel 53 into the 1st annular channel. 
The flange 63 has extended from the Suehiro end of the cone part 61, and is firmly 
attached to the plenum crowning 60 by the usual bolting implement 68. 
[0018]The melt feed pipe 56 has the outlet end part 70, and the taper of the outside 
surface is carried out so that the outlet end part 70 may fit into the inner surface 71 of 
the cone part 61. The inner surface 71 of the cone part 61 is a rim support means which 
is supporting the pipe 56 in same axle in the plenum means 52. The tip part 78 of the 
outlet end part 70 of the melt feed pipe 56 is projected exceeding the cone part 61. 
The 1st trapezoidal part of the wall means 54 is formed. 

The outside surface of the cone part 61 which has extended from the plenum crowning 
60 to the 1st trapezoidal part forms the 2nd trapezoidal part of the wall means 54. 
[0019]The vertical angle of the 1st trapezoidal part 78 is substantially [ as the vertical 
angle of the 2nd trapezoidal part ] the same, or smaller than it about 15 degrees or less. 
The vertical angle of the 1st trapezoidal part can be about 20 degrees - 60 degrees, and 
the vertical angle of the 2nd trapezoidal part can be about 40 degrees - 60 degrees. It is 
preferred that the vertical angle of the 1st trapezoidal part shall be about 24 degrees - 
31 degrees, and especially the thing to consider as about 29 degrees is preferred. It is 
preferred that the vertical angle of the 2nd trapezoidal part shall be about 42 degrees - 
46 degrees, and especially the thing to consider as about 44 degrees is preferred. 
[0020]The plenum pars basilaris ossis occipitalis 57 is formed from the annular disk 62 
which has the screw cutter inner surface 66 of the bracket 58, and the screw cutter 
outside surface 64 which fits in each other. By the usual bolting implement 74, the 2nd 
annular bracket 72 is firmly attached to the annular disk 62. The annular bracket 72 
has the gas orifice 74 which has the surface facing the wall 54. 

The 2nd annular channel 76 is demarcated between the wall 54 and the surface of the 
orifice 74. 

It can be made to agree with the wall means 54 mostly by making the surface of the gas 
orifice 74 into **** shape. The size of the 2nd channel 76 can be adjusted by turning the 
plenum pars basilaris ossis occipitalis 57 in whether the wall means 54 is approached 
and the direction which separates via the thread part 66. 

[002l]The 2nd trapezoidal part of the wall means 54 can be projected exceeding the 
plenum pars basilaris ossis occipitalis 74, i.e., a gas orifice. The 2nd trapezoidal part has 
brought about protection of the addition from the gas for spraying to the tip part 78 of 
the melt feed pipe which has extended from there. The high-pressure gas for spraying 
applies stress to the tip part 78 from the power of the expanding gas, and it gives the 



thermal shock from the fall of the temperature of the expanding gas. For example, the 
2nd trapezoidal part can project to about 6 mm exceeding a plenum pars basilaris ossis 
occipitalis. Only about 1 mm * 7 mm, and the desirable low value of this range can 
project from the 2nd trapezoidal part, and the 1st trapezoidal part of the tip part 78 
gives the desired gas stream for spraying to the outlet orifice 65. 

[0022]The gas supply line 80 has penetrated the cylindrical shape housing 59. The gas 
for spraying, such as argon, helium, or nitrogen, is introduced into the gas supply line 
80 by an ordinary gas conducting apparatus (not shown). The gas for spraying 
progresses to the annular inner channel 53 by pressure about 0.7 MPa(s)-7MPa in 
accordance with the direction of the arrow B, and passes the 2nd channel 76. When the 
melting flow 82 passes the melt feed pipe 56, the flow 82 interacts with the gas for 
spraying in the lower part of the outlet orifice 65, is sprinkled by misty state, and forms 
metal powder. 

[0023]It was confirmed that the nozzle of this invention can be used with the gas 
pressure for spraying remarkable and lower than the conventional nozzle as shown, for 
example in the United States patent number No. 4619845 and 4778516. It not only can 
use the nozzle of this invention by a low pressure, but it was confirmed that fine metal 
powder, for example, metal powder of 37 microns or less, is generable with yield higher 
than the conventional nozzle. In other words, the nozzle of this invention can generate 
detailed metal powder with high yield with the low gas pressure for spraying as 
compared with the conventional nozzle. 

[0024]That is [ the nozzle of this invention does not operate in suction mode ], the flow of 
the liquid metal from a melt feed pipe does not increase in the case of spraying. By 
contrast, the nozzle of this invention operates so that it may decrease in the case of 
spraying of the flow of the molten metal which lets a melt feed pipe pass. The feature 
and advantage except the operation method of the nozzle of this invention and the 
nozzle having mentioned above will become clear from the following examples. In the 
following examples, the nozzle which has the composition mostly shown in drawing 2 
was used combining the melt feed pipe formed considering the inside diameter and 
outer diameter in an outlet orifice as various values. The gas for spraying is argon and 
the melt feed pipe was formed from boron nitride. 

[0025]The nozzle which has a melt feed pipe example 1 outer diameter of 5.2 mm and 
4.75 mm in inside diameter was operated by various gas mass flows, and the pressure in 
the outlet orifice of a melt feed pipe was measured. The shape of a nozzle is as follows. 
0.85 mm of projection of the 2nd trapezoidal part from 0.76 mm of gas channel gaps for 
spraying, 9.8 mm of gas orifices, 29.4 degrees of vertical angles of the 1st trapezoidal 



part, 44 degrees of vertical angles of the 2nd trapezoidal part, and a plenum pars 
basilaris ossis occipitalis, 3.58 mm of projection of the 1st trapezoidal part from the 2nd 
trapezoidal part. 

[0026]The seal of the melt feed pipe was carried out by the entrance end, and the 
sampling pipe connected with the pressure transducer was inserted in the melt feed 
pipe. The pressure which sends the gas for spraying of argon to a nozzle by a various 
flow, and is obtained within a melt feed pipe as the result was recorded. Drawing 3 is 
the graph which plotted the outlet orifice pressure displayed on the vertical axis by a 
kilopascal (KPa), and plotted the gas mass flow displayed on the horizontal axis by a 
part (kg/min) for kilogram/. Gage pressure is a difference of atmospheric pressure and 
measuring pressure power. 

[0027]The nozzle of Example 1 was operated by connecting an example 2 melt feed pipe 
with the water reservoir which has the fixed static head pressure of about 14 KPa(s), 
and supplying argon spray gas by a various flow. The flow of the water which passes 
along a melt feed pipe was measured to various spray gas flows. Drawing 5 is a graph 
which shows the flow of the water of the kilogram-per- second (kg/sec) display plotted on 
the vertical axis as a function of the flow of the spray gas of the kilogram / part (kg/min) 
display plotted on the horizontal axis. The data point plotted at the leftmost of the 
vertical axis shows the amount of single phase flow of the water which flows through a 
melt feed pipe. 

[0028]The nozzle which has a melt feed pipe which has an outlet orifice Example 3, four 
outer diameters of 10 mm, and 9.5 mm in inside diameter was operated by various gas 
mass flows, and the pressure in the outlet orifice of a melt feed pipe was measured. The 
shape of a nozzle is as follows. 3.3 mm of projection of the 2nd trapezoidal part from 2 
mm of gas channel gaps for spraying, 17.3 mm of gas orifices, 29 degrees of vertical 
angles of the 1st trapezoidal part, 44 degrees of vertical angles of the 2nd trapezoidal 
part, and a plenum pars basilaris ossis occipitalis, 3.3 mm of projection of the 1st 
trapezoidal part from the 2nd trapezoidal part. It examined about a 9.5-mm outlet 
orifice nozzle like Examples 1 and 2. Drawing 4 and drawing 6 support drawing 3 and 
drawing 5 . 

The pressure of a melt feed pipe and the flow of water are shown as a function of the 
flow of spray gas. 

[0029]The pressure in a melt feed pipe falls rather than 1 atmosphere of a pipe when 
gas is not flowing, and reaches the minimum, and subsequently it goes up as the flow of 
spray gas increases, so that drawing 3 and drawing 4 may show, but it stops below at 



atmospheric pressure. Drawing 3 and drawing 4 show that the pressure in a melt feed 
pipe falls, when spray gas flows from a nozzle, but. Drawing 5 and drawing 6 show that 
bring about the fall of a liquid flow rate [ in / in spray gas / a melt feed pipe 1, namely, a 
nozzle does not attract it like the conventional nozzle, when the fluid is atomized. The 
flow of water rises to the maximum and decreases slowly as are shown in drawing 5 and 
drawing 6 . and the flow of spray gas increases, but the maximum is lower than the flow 
of water when spray gas is not flowing. 

[0030]As a result, it turns out that the nozzle of this invention does not generate the 
vacuum for suction. Spray gas reduces the flow of the fluid which passes along a melt 
feed pipe as compared with a flow in case spray gas is not supplied. 

the nozzle was operated with the melt feed pipe which has the outlet orifice which boiled 
and changed various diameter ratios of example 5 inside-diameter foreign. The nozzle 
was operated by various plenum pressures in the single phase flow and the two-phase 
flow, measuring the flow of the water from an outlet orifice. Drawing 7 . drawing 8 , and 
drawing 9 about the melt feed pipe which has an outer diameter of 4.7 mm, 6.35 mm, 
and 9.5 mm, respectively The flow of the water of the kilogram / part (kg/min) display 
plotted on the vertical axis is shown as a function of the plenum pressure of the megger 
Pascal (MPa) display plotted on the horizontal axis. 

[003l]The shape of a nozzle of having an outlet orifice with an outer diameter of 4.7 mm 
is as follows. 1.8 mm of projection of the 2nd trapezoidal part from 1.5 mm of gas 
channel gaps for spraying, 12 mm of gas orifices, 29.2 degrees of vertical angles of the 
1st trapezoidal part, 44 degrees of vertical angles of the 2nd trapezoidal part, and a 
plenum pars basilaris ossis occipitalis, 4.6 mm of projection of the 1st trapezoidal part 
from the 2nd trapezoidal part. The shape of a nozzle of having an outlet orifice with an 
outer diameter of 6.35 mm is as follows. 2.1 mm of projection of the 2nd trapezoidal part 
from 1.5 mm of gas channel gaps for spraying, 14 mm of gas orifices, 29 degrees of 
vertical angles of the 1st trapezoidal part, 44 degrees of vertical angles of the 2nd 
trapezoidal part, and a plenum pars basilaris ossis occipitalis, 4.3 mm of projection of 
the 1st trapezoidal part from the 2nd trapezoidal part. The shape of a nozzle of having 
an outlet orifice with an outer diameter of 9.5 mm is as follows. 2.5 mm of projection of 
the 2nd trapezoidal part from 1.55 mm of gas channel gaps for spraying, 17 mm of gas 
orifices, 29 degrees of vertical angles of the 1st trapezoidal part, 44 degrees of vertical 
angles of the 2nd trapezoidal part, and a plenum pars basilaris ossis occipitalis, 4.1 mm 
of projection of the 1st trapezoidal part from the 2nd trapezoidal part. 
fQ032l Drawing 7 shows that there are few amounts of two-phases flow than the amount 
of single phase flow in the melt feed pipe which has an outlet orifice the outer diameter 



of 4.7 mm, and 4.52 mm in inside diameter. Drawing 8 shows that there are few 
amounts of two-phases flow than the amount of single phase flow in the melt feed pipe 
which has an outlet orifice the outer diameter of 6.35 mm, and 6.25 mm in inside 
diameter. Drawing 9 shows that there are few amounts of two-phases flow than the 
amount of single phase flow in the melt feed pipe which has an outlet orifice (the outer 
diameter of 9.5 mm and 9.5 mm in inside diameter, 8.7 mm, and 7.3 mm). 
[0033]The ratio of the amount of the amount pair of single phase flow maximum 
two-phases flow shown in drawing 7 - drawing 9 is shown in drawing 10 about each melt 
feed pipe as a function of the diameter ratio of inside diameter foreign in an outlet 
orifice. When the ratio of the amount of the amount pair of single phase flow maximum 
two-phases flow was smaller than 1, it decreased on the occasion of spraying of the 
liquid flow in a melt feed pipe. When the ratio of the amount of the amount pair of single 
phase flow maximum two-phases flow was larger than 1, it increased on the occasion of 
spraying of the liquid flow in a melt feed pipe, namely, the nozzle carried out the suction 
effect. 

[0034]In the nozzle of this invention which makes the ratio of the amount of the amount 
of two-phases flow versus single phase flow less than one, the yield rise of the particles 
in the case of metal spraying (microatomization) was attained by the surprising thing. 
The melt feed pipe which constitutes the metal spraying nozzle of this invention has an 
outlet orifice which has a diameter ratio of inside diameter foreign which decreases the 
liquid flow which flows into a melt feed pipe in the case of spraying. It is shown to 
drawing 10 by the downward data point rather than the ratio 1 that the flow of the fluid 
which flows into a melt feed pipe in the case of spraying decreases. 

[0035]It was confirmed by operating the nozzle of this invention by a larger spray gas 
pressure or flow than the spray gas pressure or flow which gives the highest liquid flow 
rate from a melt feed pipe that the yield of detailed powder increases. For example, 
when drawing 7 is referred to, it turns out that the liquid flow rate through which the 
nozzle which has a 4.7-mm melt feed pipe 4.52 mm in inside diameter flows into a pipe 
by spray gas pressure abbreviation 1.6MPa becomes the highest. Therefore, the nozzle 
which has a melt feed pipe 4.52 mm in inside diameter is larger than about 1.6 MPa(s), 
for example, if it is operated by the spray gas pressure of about 2 MPa(s) - 2.5MPa, it 
can obtain detailed powder with high yield. On the other hand, by supplying spray gas 
by the pressure which is a pressure which makes a suction effect, namely, makes the 
maximum the liquid flow from a melt feed pipe, when conventional technology teaches, 
the conventional closing coupled nozzle operates so that the improvement in yield of 
detailed metal powder may be attained. 



[0036]It was made to operate by various spray gas pressures, passing the flow of the 
nickel base superalloy which fused the nozzle which has a melt feed pipe which has an 
outlet orifice example 6 outer diameter of 9.5 mm, and 9.4 mm in inside diameter to the 
melt feed pipe by the constant pressure of about 18 KPa(s). The shape of the nozzle was 
the same as the nozzle with an outer diameter of 9.5 mm of Example 5. It was made to 
operate by various spray gas pressures, passing the flow of the nickel base superalloy 
which fused the 2nd nozzle that has a melt feed pipe which has an outlet orifice the 
outer diameter of 4.7 mm, and 4.6 mm in inside diameter to the melt feed pipe by the 
constant pressure of about 18 KPa(s). The shape of the nozzle was the same as the 
nozzle with an outer diameter of 4.7 mm of Example 5. The additional atomization 
experiment was conducted with various nozzle dimensions. 

fOQ37] Drawing 3 and drawing 4 show that spray gas reduces the pressure in the outlet 
orifice of a melt feed pipe, while the fluid is not flowing into the melt feed pipe. 
Therefore, "the total gage pressure" into which it is made to flow through a fluid 
compulsorily from a melt feed pipe can be determined by measuring the fall of a 
pressure and adding the static head pressure which pours a fluid compulsorily in a pipe 
about various outlet orifices [ as / in Example 1 ] which have various diameter ratios of 
inside diameter foreign. The term "calculated single phase liquid stream bunch" used 
here means the liquid stream bunch which is called for by using total gage pressure for 
the Bernoulli's theorem corrected about the pressure drawdown in the nozzle which has 
a melt feed pipe with the outlet orifice which has a predetermined diameter ratio of 
inside diameter foreign and which lets a pipe pass. This calculation can be 
experientially checked by applying static head pressure equal to total gage pressure, 
and pouring a fluid compulsorily to the melt feed pipe which has an outlet orifice which 
has a predetermined diameter ratio of inside diameter foreign. 

[0038] Drawing 11 is a graph which shows what is called a "spraying mass flow bunch 
ratio" here as a function of the total gage pressure which pours a fluid compulsorily 
from a melt feed pipe. A spraying mass flow bunch ratio is a ratio of the single phase 
liquid stream bunch which did two phase fluid flux pair calculation. The spraying mass 
flow bunch ratio about atomization of the molten metal in the nozzle which has nozzle 
dimensions of the 9.5-mm outlet orifice of Example 5 was plotted as a data point of a 
black dot (*) to drawing 11 . For comparison, the spraying mass flow bunch ratio about 
atomization of the water in the nozzle of the 9.5-mm outlet orifice of Example 5 was 
plotted as the solid line to drawing 11 . 

[0039]The spraying mass flow bunch ratio about atomization of the molten metal in the 
nozzle which has nozzle dimensions of the 4.7-mm outlet orifice of Example 5 was 



plotted as a data point of a white round head (O) to drawing 11 . For comparison, the 
spraying mass flow bunch ratio about atomization of the water in the nozzle of the 
4.7-mm outlet orifice of Example 5 was plotted as the solid line to drawing 11 . The 
nozzle which has a 4.7-mm outlet orifice, and the spraying mass flow bunch ratio about 
atomization of the molten metal in various nozzle dimensions were plotted as a data 
point of a rectangular head (**) to drawing 11 . 

[Q040l Drawing 11 shows that spraying of the water in the nozzle of this invention 
expresses spraying of the molten metal as a fluid which flows into a melt feed pipe. 
Drawing 11 shows that the spraying mass flow bunch ratio of the nozzle of this 
invention is less than about 0.4. On the other hand, the highest mass flow bunch ratio 
obtained from the nozzle which has a melt feed pipe which has an outlet orifice which 
does not have a diameter ratio of inside diameter foreign into the limit of this invention 
exceeds 0.4, for example, is about 0.82 or less. When the nozzle of this invention was 
operated so that a mass flow bunch ratio might become less than about 0.4, it was 
confirmed that the refractory metal which contains particles, for example, the particles 
below 37 microns, with a high yield, for example, the powder of a nickel base superalloy, 
is formed. 

[004l]For example, the 4.7-mm outlet orifice nozzle which has a melt feed pipe whose 
inside diameter of an outlet orifice is 4.6 mm shows to drawing 11 w hat has about 0.4 or 
less spraying mass flow bunch ratio. The spray gas pressure to which the yield of 
detailed metal powder is made to increase is a pressure which makes a spraying mass 
flow bunch ratio less than 0.4. For example, the total pressure in an outlet orifice is 
about 55 KPa(s) in the mass flow bunch ratio of about 0.225. When static-head-pressure 
18KPa is lengthened, the gage pressure in an outlet orifice is about 37 KPa(s). If 
drawing 3 is referred to, the outlet orifice gage pressure of 37KPa corresponds to gas 
mass flow about 17 kg/min. Since the gas gap of a nozzle is 0.76 mm, the gas pressure of 
the flow of 17 kg/min is about 4 MPa(s). 

[0042]If it is a person skilled in the art, it can be produced and used by conducting 
several easy experiments as show the nozzle of this invention which has a melt feed 
pipe of a different outlet orifice size to Examples 1-6 mentioned above. 

[Brief Description of the Drawings] 

[Drawing li lt is drawing of longitudinal section of the molten-metal spraying nozzle by 
this invention. 

[Drawing 2] It is drawing of longitudinal section of other molten-metal spraying nozzles 
by this invention. 



[Drawing 3] It is a graph which shows the pressure in the outlet orifice of the melt feed 
pipe in the nozzle of this invention as a function of a spray gas flow. 

[Drawing 4] It is a graph which shows the pressure in the outlet orifice of the melt feed 
pipe in the nozzle of this invention as a function of a spray gas flow. 

[Drawing 5l lt is a graph which shows the flow of the water from the melt feed pipe in 
the nozzle of this invention as a function of a spray gas flow. 

[Drawing 6l lt is a graph which shows the flow of the water from the melt feed pipe in 
the nozzle of this invention as a function of a spray gas flow. 

[Drawing 7l lt is a graph which shows the flow of the water from the melt feed pipe 
which has various diameter ratios of inside diameter foreign by the outlet orifice. 
[Drawing Sl it is a graph which shows the flow of the water from the melt feed pipe 
which has various diameter ratios of inside diameter foreign by the outlet orifice. 
[Drawing 9] It is a graph which shows the flow of the water from the melt feed pipe 
which has various diameter ratios of inside diameter foreign by the outlet orifice. 
[Drawing 10] lt is a graph which shows the single phase liquid flow rate versus two 
phase liquid flow rate ratio from a melt feed pipe which has various diameter ratios of 
inside diameter foreign by the outlet orifice. 

[Drawing lll lt is a graph which shows a spraying mass flow bunch ratio as a function of 

the total pressure in an outlet orifice. 

[Description of Notations] 

10 and 50 Nozzle 

12 and 52 Plenum means 

14 and 56 Melt feed pipe 

16 and 54 Wall means 

18 and 60 Plenum crowning 

20 and 57 Plenum pars basilaris ossis occipitalis 

22 Channel 

26, 65 outlet orifices 

32 Annular orifice 

34 The 2nd channel 

58 Bracket 

74 Gas orifice 

76 Annular channel 

78 The 1st trapezoidal part 

80 Gas supply line 
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